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Abstract
Quantum computing has been evolving noticeably and has become a huge revolution in
computing. One of the effects of using quantum computers is that the energy required to
solve high complexity problems is reduced, a crucial issue considering that there are
estimations affirming that by 2030 the 20% of the global energy will be used by ICT. To
the best of our knowledge, up to now there are no studies about quantum consumption. In
this paper we check whether the consumption needed to execute a quantum program
depends on the quantum computer used. We measured the energy required by some IBM’s
quantum computers when executing an algorithm. As a result, we can state that (1) it seems
that it is not needed to use a computer with the highest quantum volume for simple
problems and (2) the computer processor seems to have an impact on the time and energy
required.
Keywords: Quantum computing, energy efficiency, sustainable information systems

1. Introduction
“If the 19th century was the machine era and 20th century was the information era, several
experts agree that 21st century will be the quantum era” [5]. Quantum computers have been
evolving thoroughly. It was in the late 19th century when the concept of quantum first
settled by Max Plank. This developed through the years and in 1998, Isaac Chuang, Neil
Gershenfeld and Mark Kubinec created the first quantum computer which was composed
of 2 qubits. [1]
Quantum information systems can use the probability of qubit state occurrences to
make computations that are too large for classical computers to perform. At this moment,
the number of qubits is a bit limited, which restricts the problems that can be solved. But
the future is promising, as many companies are investing in this technology.
However, even if there has been a lot of progress towards constructing quantum
computers with more capacity, as well as the principals which should guide the
development of quantum software [4], as far as we are concerned, there are no other studies
related to energy consumption of quantum computing. Nevertheless, as it is considered in
[3], software, including quantum software, plays an important role in the global energy
consumption of the PC and to develop sustainable software, it is necessary to measure its
energy impact. So, our objective in this paper is to present a first study about the energy
consumption of quantum computers.
A considerable amount of quantum computers are available to general users. However,
IBM’s Quantum roadmap is promising, being planned to transcend the 100-qubit barrier
launching a 127-qubit quantum processor in 2021 [7], reason why we decided to work with
the IBM’ quantum computers to compare their performance and energy consumption.

ELENA DESDENTADO, Mª ÁNGELES MORAGA, MANUEL SERRANO

STUDYING THE CONSUMPTION OF IBM (…)

2. Study design
The problem we are testing in our study is called the 2 taxis, 3 people [11]. Its definition is
as follows: “a travel agency must group 3 people in 2 taxis. They must assign a taxi
considering that person 1 and person 2 get along, while the person 3 does not cope with
any of them both”.
When you create your account on IBM Quantum, you have access to several quantum
computers you can use. Before adding a computer to the study, we tested if it gaves an
accurate result by executing five times the circuit which implements the 3 people in 2 taxis
problem. IBM uses a quantum gate-based programming model, figure 1 shows the circuit
that solves the problem. [2], [6]
The Hadamard gate is a unitary transformation that maps
qubit operations in z-axis to the x-axis and vice versa. [8]

The NOT gate flips the |0> state to |1>, and viceversa. [8]

The controlled-NOT gate, also known as the controlledx (CX) gate, acts on a pair of qubits, with one acting as
‘control’ and the other as ‘target’. It performs a NOT on the
target whenever the control is in state |1>. [8]

Measurement can be used to implement any kind of
measurement when combined with gates. [8]

After these tests and considering the success metric we will raise in a moment, one of
the computers, ibmqx2, was rejected as it did not provide correct results.
Then the set of computers were selected (ibmq_santiago, ibmq_athens,
ibmq_16_melbourne, ibmq_quito, ibmq_lima and ibmq_belem). In order to obtain a good
enough set of reliable data we executed thirty-five times the problem on each of the
computers.
Three studies were carried out, the first study on February of 2021 then it was replicated
twice (March and April 2021) to take into consideration the continuous updates that IBM
Quantum introduces. As we can see in table 1, both second and third study included new
computers and updates on the computer’s processors. Table 1 summarizes the characteristics
of the quantum computers used. Note that qubits are the basic unit of quantum information.
Quantum Volume measures the error rate and capabilities of a quantum computer [9]. The
processor type or type of qubit layout reflects the system topology and indicates the
approximate qubit count [10].
Table 1. Information about the quantum computers used on the studies.

To calculate the consumption of each execution on the computers on each study we use
as basis the constant consumption per hour that IBM provides, which is 25 kWh, and
annotating the time needed by each execution, which is called the time in system on IBM
Quantum. The arithmetic average and median of the time (in seconds) and of the
consumption (in kWh and in Wh) measurements are calculated based on this.
We also consider the success and error rates. Keeping in mind that quantum computers
can normally show results that do not fit the expected outcome for the circuit introduced.
We consider an execution to be a good one if the error rate is equal or below 25%. These
percentages can be calculated as you can see the frequency of a measurement outcome and
knowing that each of the 35 measurements is shot 1024 times. In the figure 2, which
corresponds to the 35th execution of ibmq_16_melbourne from the third study, we can see
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a result that apparently fits our expected result but if we calculate the success and error
rates and percentages, it does not meet the required 25% or less error percentage. For this
matter, we also calculate the average success percentage as well as the average
consumption per successful execution.

In figures 3 and 4, as a matter of example, we can see two different solutions, which
are taken from two of the results thrown by the computers. On the left we can see a good
solution and, on the right, a bad one. We know the result is correct if the main solutions
are 011 and 100. As one of the passengers cannot go in the same taxi as the other two, it
will go alone in one taxi and the other two in the others. Therefore, the two solutions are,
011, the first goes in the taxi 0 and the other two go in the taxi 1. And 100, the first goes in
the taxi 1 and the other two in the taxi 0.

3. Studies results
3.1.

First Study

Table 2 shows the results of the first study.
Table 2. Results of the first study.

If we compare the three systems, we can observe that ibqm_santiago and ibqm_athens
have a similar result and that they almost double ibmq_16_melbourne’s consumption. If
we look at their attributes and their relation between consumption and success (see Fig. 5),
we may say that with a higher average success percentage comes an increase of the overall
consumption as ibmq_16_melbourne’s success rate is smaller than the other two, its
consumption decreases substantially.

Fig. 5. Results comparison of the first study.
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Second Study

The same evaluation that was carried out in the first study was followed for the second.
Table 4 shows the results of this second study.
Table 4. Results of the second study.

Considering the same comparison as before between the systems with the same
processors, ibmq_athens, ibmq_quito and ibmq_lima, we could say that the variation
among these lies on the quantum volume and the success rate. Having a higher quantum
volume means that you can perform harder problems without needing many more qubits
keeping a good success rate. As we can see the volume does not have to be high for simple
problems to be executed and turn good results with a high success rate.

Fig. 6. Results comparison of the second study.

3.3.

Third Study

When the study was repeated in April, a new computer was added, ibmq_belem. As we can
see in table 5, the results are similar to the previous study. This might be because the
changes on the processor are not as drastic as between the first and second studies. But
there is a serious difference, ibmq_16_melbourne’s results are substantially higher than
before. As we are considering to be good outcomes the ones that have 25% or less error
percentage (or 75% or more success percentage), this quantum computer does not fit this
criterion. Therefore, we might say that it is not as reliable as the others and on top of that
its executions consume more.
Table 5. Results of the third study.

As before, ibmq_santiago and ibqm_athens have a similar consumption as well as
ibmq_quito, ibmq_lima and ibmq_belem. These five quantum computers all have the same
processor, Falcon r4, and the same number of qubits. So, we might say that the difference
comes from the quantum volume. The first two share the same volume but the other three
have a lower one. This reinforces the thought that you do not need a quantum computer
with a high volume to perform simple circuits.

Fig. 7. Results comparison of the third study.
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3.4.

Studies overview

If we compare all three studies, we may conclude that overall, the newest and updated
processor tends to be the one that performs the best. In terms of reliability ibmq_athens
and ibmq_lima have the greatest number of successful executions since they began being
tested. Finally, if we look at the highest average success percentage, ibmq_santiago leads
the two last studies.
We may suggest using the latest processor as they tend to perform better, to take less
time to execute and have a lower consumption.
Table 6. Best processor, lowest overall consumption, lowest consumption per successful execution, greatest
number of successful executions and highest average success percentage for the three studies.

4.

Conclusions and future work

TIC consumption is important, and some action is necessary. Quantum computing seems
a good option as its computation capacity to perform high complexity problems taking time
and resources much better than classical computing.
Nevertheless, multiple quantum computing models have emerged, such as unitary
operators, quantum gates, quantum programming languages, etc.
In response to this quick evolution, we ask ourselves if there exists a distinction in
consumption between different quantum computers and models of quantum computing.
As a starting point, in this paper we provide a first comparative of consumption on
quantum computers from IBM regarding the same problem. The study seems to point out
that, overall, the newest and updated processor tends to be the one that performs the best.
In terms of reliability, ibmq_athens and ibmq_lima computers appear to be the best options.
Finally, if we look at the highest average success percentage, ibmq_santiago leads the two
last studies. Besides, we may suggest using the latest processor as they tend to perform
better, to take less time to execute and have a lower consumption.
However, we are conscious that this is just a first approach of the research that needs
to be extended. Out next steps consist on: (1) compare the execution of problems with a
different complexity to check if the conclusions obtained in this study can be confirmed;
(2) broaden the study to different quantum computing models, so that we can guide on
which model fits the problem to be solved; and (3) carry out a study which compares
classical and quantum computing, by means of energetical consumption, for different
complexity computations, with the aim of determining if the use of quantum computing in
terms of energetical efficiency is appropriate.
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